feature there. A low-contrast feature at the preferred disparity may elicit less response than a higher-contrast feature at a different disparity, for example. When an ideal tuned-inhibitory neuron sees its null disparity, however, it is always silenced. It has receptive fields with opposite profiles in left and right eyes, so no matter how large or small the monocular responses are, they always cancel out perfectly. For this reason, a lack of response from a tuned-inhibitory cell is much stronger evidence that the stimulus is at a given disparity than a strong response from a tuned-excitatory cell, even if both responses are equally different from the cell's mean firing rate. This property, previously highlighted by [5] , is presumably why the network so favoured learning opposite receptive fields in the two eyes. Hunter and Hibbard [15] , who used independent subspace analysis to encode natural binocular images efficiently but without extracting disparity, found only 37% of their learnt cells were tuned-inhibitory.
While the Welchman-Goncalves [1] The evolution of whales marks one of the major transitions in the history of mammals. Two new studies provide key insights into the evolution of hearing specializations and feeding strategies in early whales. 
Current Biology
Dispatches appear in the fossil record 50 million years ago, when they had long legs and dense bones to maintain neutral buoyancy in freshwater environments [2] . Over the following 10 million years, whales spread across the world's oceans, with fossil species displaying successive evolutionary stages of aquatic adaptation through the loss of hindlimbs, the shortening of the neck, and the development of a powerful tail with flukes [1, 3] . Although these changes in body shape and locomotion are most apparent, equally important changes in feeding strategies have enabled cetaceans to exploit a wide array of aquatic resources. Odontocetes (toothed whales, dolphins and porpoises) rely on the echoes of their high-frequency vocalizations to find and track prey, a behavior called echolocation [4, 5] . All other extant cetaceans belong to the clade Mysticeti, which use keratinous filters called baleen to extract large quantities of small prey [6] . Two papers in Current Biology [7, 8] now describe fossils that clarify how and when these distinct feeding modes evolved. Lambert et al. [7] describe the oldest fossil mysticete from late Eocene (36 million years old) strata of Peru, named Mystacodon selenensis. Prior to their discovery, the oldest known mysticete was the ca. 34 million year old Llanocetus denticrenatus [9] ; thus, their new find extends the fossil range of mysticetes by around 2 million years. Odontocetes and mysticetes are each other's closest relatives, and together they form the clade Neoceti [1, 10] . Mystacodon is not only the oldest mysticete, it is also the oldest neocete. Importantly, Llanocetus has been used as a datum in many molecular clock and divergence studies (e.g. [11] ); thus, these analyses should be revisited with the discovery of Mystacodon. Notably, fossils and molecular data are already at odds with respect to the timing of the neocete radiation [10] . Molecular divergence studies suggest that radiations began within odontocetes and mysticetes shortly after these clades diverged from their common neocete ancestor. For example, it is estimated that sperm whales diverged from other odontocetes around 34 million years ago, and that right whales and bowhead whales diverged from other mysticetes about 29 million years ago [11] . This contrasts with the fossil record, where the interval from 34 to 30 million years ago is represented by stem, archaic odontocetes and mysticetes that are not members of extant cetacean families [10] . The discovery of Mystacodon, which pushes the origin of neocetes back in time, reinforces a late Eocene (36 million years ago) origin for the clade and deepens the discrepancy between molecular and fossil estimates for radiations within odontocetes and mysticetes.
The skull of Mystacodon also provides important clues to the origin of baleen, a unique structure shared by all extant mysticetes [6] . Baleen is located where teeth are normally found, and the tips of these ever-growing, keratinous plates wear into a fine thicket of filaments. Whereas water can pass through this filter, prey cannot, allowing whales to amass and then swallow huge quantities of prey [6] . Several recent studies [12, 13] have converged around the following scenario: the first mysticetes were suction-feeders, later species lost their teeth, and then baleen evolved from thickened gingiva. Suction-feeders draw prey into the mouth by enlarging the oral cavity, and teeth are not needed for this behavior. Thus, it is not surprising that the most specialized suction-feeding odontocetes have fewer teeth than close relatives [14] . An alternative hypothesis maintains that baleen evolved much earlier and coexisted with teeth for millions of years [15] . Lambert et al. [7] interpret Mystacodon to support the suction-feeding hypothesis. Its teeth are so worn that the crowns of the posterior teeth are essentially gone, similar in some ways to the wear experienced by benthic suction feeders, like the walrus [12] . However, there are other interpretations for this extreme wear. Baleen becomes an effective filter when its tips wear to form a mesh of fine filaments (Figure 1) , and the fact that it never stops growing and continuously wears means that it is functional until death [16] . Contrast which with most mammals, which only replace their teeth once, or with odontocetes, which never replace their teeth at all [17] . Could the extreme wear in Mystacodon instead indicate selective pressure early in mysticete evolution for a continuously growing oral filter [16] , and does this suggest that baleen evolved before teeth were lost? Is the wear in Mystacodon more a consequence of the sediment stuck to its prey [18] , instead of being uniquely associated suction-feeding? Answers to these questions could be found in as yet to be discovered subadult specimens of Mystacodon that have less worn teeth.
In another paper in this issue of Current Biology, Mourlam and Orliac [8] wade into an ongoing controversy on the origins of echolocation and corresponding Dispatches abilities to produce and hear high frequency sounds. Echolocation evolved early (ca. >30 million years ago) in odontocetes, is used by all extant species and is likely to be tied to the diversification and success of this clade [4, 5, 19] . Vision is often limited in aquatic environments, due to either depth or sediment load, and echolocation enables odontocetes to forage in environments that are inaccessible to hunters that rely on sight. The paper of Mourlam and Orliac [8] features the first fossil inner ears from protocetids, specifically specimens from Togo. Protocetids are primitive whales that inhabited many of the world's oceans millions of years before neocetes emerged [1, 8] . The inner ear of mammals, including cetaceans, consists of a coiled, fluid-filled tube inside the skull (Figure 1) , and its size, shape and coiling are correlated with hearing capabilities [4, 5, 8] . Studies on the origins of highfrequency hearing largely turn on the hearing capabilities inferred for the first neocetes and their ancestors, but these efforts have been complicated by the fact that odontocetes closest relatives, mysticetes, are specialized for lowfrequency hearing, and the inner ears of many fossil species are unknown. Although there is a consensus that ultrasonic hearing (>20 kHz) evolved shortly after odontocetes diverged from mysticetes [4, 5] , some studies reconstruct the first neocetes as specialized for low frequency hearing [20] whereas others consider them to be more specialized for high frequency hearing [5] . By studying the inner ears of both living and fossil species, Mourlam and Orliac [8] come to a conclusion that in hindsight makes a lot of sense: both hypotheses are wrong and the earliest cetaceans did not have hearing specializations. Even more fascinating is how they arrived at their conclusion and what it reveals about the challenges of understanding the evolution of hearing specializations.
Mourlam and Orliac [8] show that efforts to simplify hearing diversity into a high-versus low-frequency dichotomy, plus limited sampling among terrestrial relatives to whales, led previous studies astray. For example, although Churchill et al. [5] were the first to include artiodactyls in a study on cetacean hearing, the long branch separating extant hippos from the earliest cetaceans led them to incorrectly reconstruct the primitive cetacean's condition [8] .
Mourlam and Orliac's [8] sampling of protocetids and many other artiodactyls shows that the inner ear of hippos is among the most highly specialized of all artiodactyls, with a highly coiled and tightly stacked cochlea, and that the hearing abilities of the earliest cetaceans were unremarkable. Even more intriguing is their discovery that features previously associated with ultrasonic hearing are found in artiodactyls without hearing specializations. This underscores the pitfalls of relying on one or two measures as proxies of hearing capabilities, and fortunately their application of a previously developed approach [5] allowed them to discover a coherent picture of inner ear evolution despite these complexities. Part of the solution, they discovered, is that inferences in hearing abilities of extinct taxa are contextual -a feature that might be indicative of low-frequency hearing in a whale may mean something else in a terrestrial artiodactyl. While such complications are not always a welcome discovery, they show the scope of inner ear sampling that is required to yield robust conclusions. Furthermore, not all samples are equal, and as both Mourlam and Orliac [8] and Lambert et al. [7] show, fossils continue to provide unparalleled insights into morphological evolution of whales.
